Abstract: Thirteen sexually mature captive male lesser Malay chevrotains (Tragulus javanicus) were each anesthetized twice with tiletamine-zolazepam for electroejaculation. Viable spermatozoa were collected from all animals. The semen was creamy, milky, pale yellowish, or watery. The mean values for ejaculate volume, sperm concentration, and percentages of sperm motility, normality and viability were 23.7 Ϯ 2.5 l, 366.9 Ϯ 127.8 ϫ 10 6 spermatozoa/ml, 40.0% Ϯ 3.1%, 71.4% Ϯ 1.6%, and 59.6% Ϯ 2.1%, respectively. Semen pH was 7-8. No adverse effects of electroejaculation were noted. These are the first reported values for semen of lesser Malay chevrotain. Electroejaculation should be usable for routine semen collection in this species.
INTRODUCTION
The lesser Malay chevrotain (Tragulus javanicus), or lesser Malay mouse deer, may be one of the most primitive living ruminants. They are small hornless deer of stocky build in the family Tragulidae, order Artiodactyla. Wild Southeast Asian lesser Malay chevrotain have declined in numbers because of the rapid increases in human activity in this region. Although wild population size is unknown, there are fewer than 100 captive animals, and the physiologic database for this species is extremely small. There are few reports concerning male reproductive parameters for the species. Both males and females reach sexual maturity at 5-6 mo of age in captivity. 12 The chevrotain penis is fibroelastic, resembling that of the boar and other ruminants, although it is relatively longer.
14 The glans penis of the lesser Malay chevrotain resembles that of the boar, with a twist near the end. However, in the chevrotain it is twisted clockwise and forms two and a half turns, whereas the glans penis of the boar forms only one and a half turns in a counterclockwise direction. There are no published studies of normal Malay chevrotain ejaculate.
Lesser Malay chevrotain breed well in captivity, and no distinct breeding season has been observed. 7 Such natural breeding in captive situations is desirable, but problems may arise if there are behavior incompatibilities, such as aggressiveness, lack of libido, and inability to mount, or if limited gene pools result in inbreeding. 7 Any future application of artificial breeding in this species would require knowledge of species-specific reproductive parameters. Domestic ruminants, such as other artiodactyls, may serve as models for semen collection and evaluation. In the present study, we evaluated a method of semen collection by electroejaculation and initiated a database for spermatozoal morphology and semen characteristics for captive lesser Malay chevrotain.
MATERIAL AND METHODS
Thirteen sexually mature adult male lesser Malay chevrotain weighing 1.70-2.35 kg and maintained at the Melaka Zoo, Malaysia, were studied during 4 wk in November 1996. All animals were untamed, were housed in one of three similar outdoor enclosures, and were provided with shelter. Nine of the males were housed with females. Food and water were available ad lib. Two semen samples were collected from each animal with a 1-2-wk interval between collections.
Each chevrotain was anesthetized prior to semen collection. Animals were restrained in a bird net and injected with zolazepam and tiletamine (Zoletil 50, 50 mg/ml, Vibrac Laboratories, 06516 Carros, France; 12.5-25.0 mg/kg i.m.) in the quadriceps muscle. A surgical plane of anesthesia with lateral recumbency was usually achieved within 5 min and was maintained for approximately 60 min.
Each animal had been previously identified with a transponder implanted at the right scapula, and each animal was eartagged while under initial anesthesia to facilitate subsequent identification. Each anesthetized animal was transported to the laboratory for standardized electroejaculation. 10 An AC 60-Hz sine-wave electroejaculator (P-T Electronics, Boring, Oregon 97009, USA) powered by a 220-240-V current administered a regimented ejaculation sequence consisting of 90 stimuli divided into three series. Each series of 30 stimuli was further divided into three sets of 10 stimuli each. Series 1 consisted of 2, 3, and 4 V, followed by series of 3, 4, and 5 V, and 4, 5, and 6 V.
An 8-cm-long, 0.7-cm-diameter rectal probe with two raised longitudinal stainless steel electrodes was lubricated (K-Y Jelly, Johnson & Johnson, Ltd. Slough, England) and inserted approximately 6 cm into the rectum. The probe was occasionally withdrawn and cleaned if it became contaminated with feces to ensure adequate contact between the rectal mucosa and the electrodes. The probe electrodes were orientated over the expected orientation of the accessory sex glands. Ventral pressure was gently applied to the probe handle during stimulation. Electrical stimuli were applied in a 3-sec-on, 3-sec-off pattern, with a 2-3 min rest period between each series. A moderately rigid extension of the hind legs indicated an adequate electrical stimulus. Symmetrical leg extension was an index of proper probe positioning. Erections occurred during electrical stimulation, and the ejaculate was collected in a pre-warmed plastic vial held over the extruded penis. Semen residue was aspirated with a clean pipette. Upon completing the electroejaculation protocol, the animal was kept in a wooden cage for recovery before release back into its enclosure.
Following successful ejaculation, visual and microscopic examinations were conducted of the semen. The volume of each sample was measured using a pipette, and its color was categorized as creamy, milky, watery, or yellowish, and its viscosity as either thin or thick. Semen was evaluated for pH and for motility, live : dead ratio, concentration, and morphology of sperm. A drop of semen was mixed with warmed normal saline, placed on a warmed slide (35ЊC), and covered with a warmed coverslip. The percentage of motile spermatozoa was estimated by rapid observation of four separate fields at ϫ400 magnification. A smear was-stained with eosin-nigrosin stain was examined, and 200 spermatozoa were classified as live or dead. Sperm morphology was classified as either normal or abnormal at ϫ400 or ϫ1,000 magnification. Spermatozoal abnormalities were identified as occurring in the head, midpiece, or tail. A portion of the diluted semen was further diluted with 1% normal saline for determination of sperm count using a hemocytometer. Sperm concentration and total sperm number were calculated. The pH was determined by pH indicator paper (Whatman International, Ltd., Maidstone, England).
Data were analyzed with a computerized statistical program (SPSS, Inc., Chicago, Illinois 60606, USA). Values are reported as mean Ϯ SEM. Significant differences between ejaculates were identified by analysis of variance, with P Ͻ 0.05 considered significant. Comparison of sperm concentration between ejaculates was analyzed statistically using a paired Student's t-test. Correlation between seminal parameters was determined using a computerized analysis of coefficient of correlation.
RESULTS
Semen was successfully recovered from all chevrotains during the first collection except for one animal that was observed mating in its enclosure before electroejaculation was attempted. One ejaculate did not contain spermatozoa. Ejaculates with sperm were successfully collected from all animals at the second collection.
The physical response (involuntary leg extension and seminal emission) to electroejaculation did not differ among animals. Upon initial observation, approximately 30-40 electrical stimuli (i.e., at 3-4 volts) were necessary to induce complete penile extrusion. Full penile erection was observed during stimulation of each animal. Most animals ejaculated after 80-90 stimuli when the voltage reached 5-6 V, although differences were observed. Some animals required repeated series of stimuli. Thus, the time to successfully recovery of semen was 10-30 min. Most animals recovered smoothly from the anesthesia within 30-60 min.
Semen appeared viscous and opaque. Nine samples were creamy, five were milky, six were pale yellowish, and four were watery. For the 24 ejaculates with sperm, the overall volume was 23.8 Ϯ 2.5 l (range, 10-50 l). Ejaculate volume at the second collection at least 7 days later was unchanged. As in domestic ruminants, semen pH was 7-8. Based only on ejaculates containing spermatozoa, the ejaculate contained 366.9 Ϯ 127.8 ϫ 10 6 spermatozoa/ml (range, 4-1,950 ϫ 10 6 spermatozoa/ml) or 9 Ϯ 3.4 ϫ 10 6 spermatozoa/ejaculate (0.1-58.5 ϫ 10 6 spermatozoa/ejaculate). The percentages of sperm motility, live sperm, and normal sperm were 40.0% Ϯ 3.1%, 59.6% Ϯ 2.1%, and 71.4% Ϯ 1.6%, respectively.
The gross morphology of mature spermatozoa resembled that of domestic ruminants, with an oval head, a midpiece, and a tail. There were morphologic defects in 28.8% of the spermatozoa, including giant head (1.7% Ϯ 1.2%), double heads (6.9% Ϯ 1.1%), double midpiece (2.1% Ϯ 0.6%), bent midpiece (1.9% Ϯ 0.4%), looped tail (5.5% Ϯ 1.0%; defined as when the tail makes one loop and the tail end points toward the head), bent tail (2.6% Ϯ 0.9%), no tail (2.9% Ϯ 0.5%), and coiled tail (2.7% Ϯ 0.7%). Distal and proximal droplets constituted 1.3% Ϯ 0.1% and 1.2% ϩ 0.2% of the abnormalities, respectively (Table 1) . Semen concentration differed significantly between the first (281.3 ϫ 10 6 sperm/ml) and the second (432.7 ϫ 10 6 sperm/ml) collections. Generally, the sperm concentration obtained from the second collection was greater than that from the first.
Semen color and sperm concentration were positively correlated (r ϭ 0.518). Semen with creamy color had the highest sperm count, and watery semen had the lowest count. Correlation analysis suggested that motility was positively related to percentage of live spermatozoa (r ϭ 0.511) and sperm concentration (r ϭ 0.712).
DISCUSSION
The electroejaculation technique effectively, reliably, and consistently obtained ejaculates from anesthetized captive lesser Malay chevrotain. Although it is difficult to physically restrain chevrotain, electroejaculation under general anesthesia could be performed weekly without difficulty. Of the 24 collections from 13 chevrotain, no adverse effects (such as hemorrhage and bruising in affected muscles and stiffness of hind limb for a few days) from either anesthesia or electroejaculation were encountered, as has been described in other species. 4 The male chevrotain maintained normal weight, activity, and behavior throughout the 4-wk study period.
Semen that is collected with an artificial vagina more closely resembles semen delivered during normal coitus, 6 but electroejaculation was preferable in this study for ease of animal handling and for safety of the handler. The use of an artificial vagina requires 2-3 wk for animal conditioning, and a special artificial vagina may be required in this species because of the twisted glans penis.
14
The time required to successfully electroejaculate each animal varied because to high intrarectal resistance of individual animals to the current, requiring higher voltage output, and indirectly increasing the time required. A similar phenomenon has been observed in some domestic bulls, in which the intrarectal resistance is reduced because of increased secretion of mucus after stimulation. 8 Because bulls may never attain an erection or may lose erection before ejaculation is complete if longer interstimulus intervals are allowed, it is important to begin a new stimulus almost immediately after completion of the previous series. 3 The small and relatively constant semen volume was probably related to the small size of the male chevrotain (1.70-2.35 kg) and their accessory sex glands. Overall, the semen volume resembled that of domestic cats (0.076 Ϯ 0.018 ml) and blackfooted ferrets (Mustela nigripes: 0.02 Ϯ 0.01 ml). 6 Semen volume is generally greater with electroejaculation than with artificial vagina use, 9 probably because of excess accessory gland stimulation. Therefore, with normal coitus or coitus stimulated with an artificial vagina, the ejaculate volume should be lower than when ejaculate is collected by electroejaculation. The considerable variation in sperm concentration among males was probably related to sexual activity (e.g., mating before semen collection), health status, stress, or individual adaptability to electroejaculation.
The percentage of motile sperm (40.0% Ϯ 3.1%) in lesser Malay chevrotain was lower than that in domestic animals, such as cat, ram, and boar, possibly because of inappropriate handling of the semen. Spermatozoal motility is greatly influenced by temperature; motility will be irreversibly lost at temperatures above 50ЊC or if sperm are cooled too quickly. 13 The semen of lesser Malay chevrotain contained a high percentage of morphologically normal sperm. Good quality sperm of domestic ruminants such as the ram has 90% normal spermatozoa. Semen morphology reflects the functional condition of the testes and efferent duct system, and there is considerable evidence that increased sperm cell abnormalities are associated with poor conception rates. 11 Prolonged storage of spermatozoa in the do-mestic bull epididymis has been associated with increased fragility. 1 It is possible that a sexually inactive male chevrotain might also store sperm in the epididymis, with a negative affect on sperm morphology. The percentage of live sperm contributes strongly to fertility. The lesser Malay chevrotain had 59.6% Ϯ 2.1% sperm viability, as do other species of artiodactyls. 2, 9 Semen collected from bulls or rams by electroejaculation has higher and more variable pH than does semen collected with an artificial vagina. 2, 9 Thus, although the presence of urine may increase semen pH (as in ram semen), urine contamination probably did not cause problems in this study. The pale yellowish semen color may have been due to the harmless pigment riboflavin, which has been reported in domestic bull semen, 5 and not to urine, which has its own distinctive odor.
CONCLUSIONS
Semen can be collected safely from anesthetized lesser Malay chevrotain using electroejaculation. Although many characteristics of this semen are similar to those of semen collected by electroejaculation from other ruminants, volumes of ejaculate and of normal sperm were not as high for unknown reasons. Additional study of this technique is warranted.
